immune systems and particularly of IgA concentrations, which normally rise with age, might also be expected to be delayed. Before treatment, however, four of the five children had IgA concentrations that lay within the normal range.
The early fall in IgA concentration after the start of treatment with thyroxine was unexpected. There is no reason to suppose that a return to normal metabolism will lead to a redistribution of IgA within the body. The fall in IgA concentration is unlikely to have been due to a non-specific increase in catabolism as IgA has a shorter half life than IgG or IgM and should therefore be the least affected class of immunoglobulins. Different mechanisms may be responsible for the immunological abnormalities in hepatitis B virus infection, and both extrinsic and intrinsic factors have been identified.4 While hepatic bioregulatory molecules may be partially responsible for the extrinsic effect,5 the nature of the intrinsic effect is unknown. A direct effect of the hepatitis B virus on lymphocytes has been suggested, but intralymphocytic hepatitis B virus antigens have not been reported. With the advent of specific hepatitis B virus DNA probes and sensitive DNA-DNA hybridisation assays we can now analyse the hepatitis B virus genome independently of viral antigen expression.
We have used the Southern transfer hybridisation technique and report the detection of hepatitis B virus DNA in mononuclear blood cells of patients with hepatitis B virus infection.
Patients and methods
We studied 36 patients. Of these, 14 were HBsAg positive, of whom six were also HBeAg positive and eight anti-HBe positive; and two were HBsAg negative and anti-HBc and anti-HBs positive. One patient with haemophilia A and acquired immune deficiency syndrome (AIDS)6 and two homosexual men with AIDS-like syndrome and disseminated histoplasmosis were among this group (see table) . Histological examination of hepatic needle biopsy specimens was performed using the histological criteria of the international committee.7 The diagnosis was chronic persistent hepatitis in two patients, chronic active hepatitis in seven patients (one with liver cirrhosis), and resolving acute viral hepatitis in one; six patients had a normal liver. The control group comprised 21 healthy subjects, three of whom were anti-HBc and anti-HBs positive.
SEROLOGICAL MARKERS AND ISOLATION OF MONONUCLEAR CELLS
HBsAg, anti-HBs, HBeAg, anti-HBe, and anti-HBc were assayed by commercial solid phase radioimmunoassay (Abbott Laboratories, Chicago).
Mononuclear cells were isolated from 30 ml blood anticoagulated with 10mM edetic acid using Ficoll-Hypaque density gradient centrifugation, according to The specificity of the results was supported by~the absence of hepatitis B virus DNA sequences in all 21 controls studied. In order to exclude bacterial contamination we also dehybridised each nitrocellulose filter (previously hybridised with 32P-hepatitis B virus) with 0-005% Na4P2,O, 0-002% Ficoll, 0-002% povidone, 0-0002% bovine serum albumin, 0-2M edetic acid, and 0-5mM trometamol (TRIS) 1) . Only bands corresponding to X molecular weight marker were observed, while the mononuclear cell derived bands (previously detected with hepatitis B virus probe) were absent (fig 1) . The results were further confirmed by the use of a highly purified hepatitis B virus DNA probe prepared from a plasmid vector. .. digestion. There was no evidence of integration of viral genome into cellular DNA. These findings were observed in two HBeAg and serum viral DNA positive patients (table) . The serum viral DNA was therefore analysed by the Southern procedure, and the autoradiographic patterns were the same as those observed for mononuclear cell DNA (fig 2; lanes J, K) . Thus in these cases the hybridisation signal seemed to reflect blood contamination of the mononuclear cells. These preparations were therefore considered to be negative for hepatitis B virus DNA sequences. Finally, two patients (one with haemophilia A and AIDS and one homosexual with AIDS-like syndrome) examined only with Eco RI (owing to limited sample size) showed a unique band at the 3-2 kb position. On the basis of this information alone it was not possible to establish the state of hepatitis B virus DNA in these samples (data not shown).
In none of the 21 normal controls were viral DNA sequences detected in mononuclear cells.
Discussion
This study shows that by using transfer hybridisation techniques hepatitis B virus DNA may be detected in mononuclear blood cells of some patients with hepatitis B virus infection. Indeed blood contamination was excluded by the absence of free viral DNA in the corresponding serum samples.
Restriction enzyme digestion in patients found to have hepatitis B virus DNA showed different profiles. The first and second patterns were consistent with the presence of viral DNA sequences integrated into high molecular weight cellular DNA, as has been observed in the liver of chronic carriers of the virus.10 13 Either clonal proliferation of infected cells or "non-random" integration of the viral DNA in cellular DNA may have been responsible for the discrete bands seen after Hind III digestion. The finding in the second pattern of a 3-2 kb band after both Hind III and Eco RI digestion may be explained by a Hind III restriction site in the viral DNA sequences. Indeed, recent reports from China indicate the existence of a discrete Hind III site in rare isolates of the adr subtype. The presence of viral DNA sequences in mononuclear cells accords with recent reports of particles of hepatitis B virus being detected in a lymphoblastoid cell line derived from bone marrow19 and of HBsAg being found in bone marrow cells.20 Thus hepatitis B virus infection is not restricted to the hepatocytes, as it has also been shown in pancreatic, kidney, and skin tissue.21-22a It remains to be determined whether our results reflect a primary hepatitis B virus infection of the bone marrow or of peripheral blood cells. The mechanism of this viral infection is speculative and further investigations will be required to establish if it is related to the state of cell differentiation or to the presence of cellular receptors on the cells, or both. 23 The presence of different viral forms in mononuclear cells has been described during other viral infections-for example, with Epstein-Barr virus, cytomegalovirus, and human T cell leukaemia virus24-26 and it is well known that these viruses may coexist in patients with immunological abnormalities. Indeed hepatitis B virus DNA was found in the mononuclear cells of our patient with AIDS and one of two patients with AIDS-like syndrome. The role of the viral infection in cellular immunodeficiency is still to be established. Our findings, however, support current hypotheses concerning the relation between infection with hepatitis B virus and AIDS.27 28 Prospective studies will determine whether the presence of mononuclear cell hepatitis B virus DNA is related to any global or specific defect in mononuclear cell function and whether the state of the viral genome in peripheral mononuclear cells corresponds with that in the liver.
ADDENDUM
Since submission of this manuscript HBV DNA sequences were also detected in white blood cells from HBV carriers by Lie-Injo et al (DNA 1983;2:301-7).
